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On the Determination of the Ohm. 417 
completely solved. Comparative results, however~ may be 
found by assuming that the density of the molecules of sether 
equals those of hydrogen, or is any multiple thereof ; for then 
the diameter of a molecule of the rather might be found (that 
of hydrogen being 5"6 × 10 -2° of a metre) ; and the combined 
volume in a cubic foot will equal the number of molecules in 
a cubic foot inultlp]ied by the volume of one molecule, and 
hence will be found the length of the mean free path and the 
coemcien~ of internal friction. 
We conclud% then, that a medimn whose density is such 
that a volmne of it equal to about twenty volumes of the 
earth would weigh one.pound, and whose tension is such that 
the pressure on a square mile would be about one pound, and 
whose specific heat is such that it would require as much heat 
to raise the temperature of one pound of it 1 ° F. as it would to 
raise about 2,300~000,000 tons of water the same amount, 
will satisfy the requirements of nature in being able to trans- 
mit a wave of light or heat 186~300 miles per second, and 
transmit 133 foot-pounds of heat-energy from the sun to the 
earth each second per square foot f surthce normally exposed, 
and also be everywhere practically non-resisting and sensibly 
uniform in temperature, density, and elasticity. This mediunl 
we call the Luminiferous 2Ether. 
XLVI I I .  A Determination of the Ohm. 
By :Prof. F. HIMSTEDT% 
T HROUGH the means placed at my disposal by the Go- vernment of the Grand Duchy of Baden, for the deter- 
ruination of absolute resistance, I have been enabled to carry 
out a determination of the Ohm according to the method 
recently published by meJ~; and beg permission to lay an 
abstract of' my results in the following paper before the Royal 
Berlin Academy. 
According to the above-mentioned method, the constant 
divergences of the magnet in the same galvanometer are 
observed--produced in the one case by means of induction- 
currents passing in the same dfi;ection through the galvano- 
meter at the rate of n per second ; in the other case by means 
of a constant current whose strength is a known fraction of 
the inducing current. Let us call the observed angles of 
divergence al and a~, the required resistance r will be found 
* Translated from the Sitzungsberichte derk. Pr. Akad. d. ~Vissens. 
Berlin, July 23, 1885. 
f Wied. Ann. Bd. xxii. S..'281 (1884). 
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418 Prof. F. Himstedt on the 
(as is elsewhere more fully stated) from the formula 
r - -n .  V fan •j (1) 
tan ~1' . . . . . .  
in which V expresses the potential of the induction-coils hero 
used towards one another. 
If we take as inducing coil a solenoid with only one layer 
of wire, in comparison with whose length both its own radius 
and the dimensions of the inducing coil are insignificant, 
we get 
V=4v2R~K. b. (1 + 2a) ; 
whence follows :-- 
~.----- 4~r~R2K b n(1 + 2a) tan a2 (2) 
• ' tan ~1 . . . .  
R expresses here the radius of the solenoid, K the number of 
convolutions in a unit of length, b the total number of convo- 
htions of which the induction-coil consists, and 2a a term of 
correction which expresses the action of the ends of the 
solenoid. 
According to the experiments described below, the value of 
2a was always less than 0"03; so that for the determination 
of r only the exact measurement of the quantities R, b, n~ K~ 
and tan a: were taken into account. 
tan al 
The advantages of this manner of experimenting are that the 
number of the quantities to be ascertained is a comparatively 
small one, and that all those quantities are omitted which 
require great care in their accurate determination. I place 
under this heading the constants and variations of terrestrial 
and of rod magnetism, the coefficients of induction of the sur- 
faces of convolution of the wire-bobbin of many superposed 
layers, the reduction-factor of the galvanometer, the moment 
of inertia and logarithmic decrement of magnets in oscillation, 
and, more especially, the exact determination f the resistance 
of copper wires which are often ot all in the same room, 
and whose temperature can only be approximated to i~om the 
temperature of the surrounding air*. 
All length-measurements i  the following treatise were 
compared with a standard which Priv$-Counsellor FSrster 
was good enough to correct at the Normal-Standards Com- 
mission in Berlin by means of the normal metre standard• 
The measurements of time were carried out by means of 
• • • * c Compare Roltl, Nuovo Cim. set. 3~ vol. xv., "Diterminazione d lla 
resistenza elettrica di un file in missura assoluta." 
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Determination of the Ohm. 419 
a ship's chronometer of BrScking's, which was rated by 
observation. 
The solenoid is wound round upon a wooden block re- 
p eatedly coated with glue, such as are used in orchestrions. t was made in the year 1868, and was again planed down 
and polished on .the .lathe in May. of last year: lts dia- 
meter was determined m three different ways, whmh wore so 
chosen that it was possible at the same time to ascertain'that 
the section of the drum sufficiently approximated to a circle, 
and that the whole block was a cylinder. They were : - -  
1. Every six diameters of the same section were compared, 
by means of a micrometer-screw at thirteen equidistant points 
along the length of the block, with a glass rod measuring 
23'3264 centim, in length*. 
The diameters found were:-- 
Lowest value. Highest value. Mean. 
centim, centim, centim. 
23"3193 23"3286 23"3248 
2. The circumferences were measured by means of strips 
of paper at thirteen equidistant points, whence the calculated 
diameters were : -  
Lowest value. Highest wdue. Mean. 
centim, centim, centim. 
23"3186 23"3252 23"3229 
3. The diameter was reckoned from the length of the wire 
wound round it. During the winding the thickness of the 
wire was at the same time measured at 332 points by means 
of a microscope with ocular micrometer, and found to be 
0"0472 centim. The diameter of the block was found to be 
D = 23"3262 centim. 
The measurements in ~o. 2 were repeated after the winding, 
D=23"3190 centim., and were carried out again after each 
determination, both with strips of paper and a steel-band mea- 
sure, D=23"3194 centim, and 23"3204 contlm. As the mean 
of all the measurements, we get for radius R the formula (2), 
R= 11"6846 centim. 
The isolation of the wire coils was tested by means of 
ttughe's induction-scale t. 
The number of convolutions was 2864 ; they covered the 
drum to a length of 135"125 centim. 
* The length ofthis glass rod was determined at the Normal-Standards 
Commissionln Berlin. 
t Cf. Rayleigh, Phil. Trans. 1884, vol. clxxv, p. 419, " On the Electro- 
chemical Equivalent of Silver." 
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420 Prof. F. Himstedt on the 
We get then 
2864 
K = ~ .  
The induction-coil is also wound round wood~ and consists 
of 3848 convolutions in 15 sections, which can be combined 
at pleasure. The width of the bobbin was 4"01 centim. The 
mean radius of each section was reckoned fi'om the circum- 
ferences of the separate layers of wires, which had been 
measured by means of strips of paper. To test the isolation 
of the coils, and to possess a control over the paper-measure- 
ments, the mean radius of each section of the wider one was 
determined by Von Bosscha's method* As, however, the 
dimensions of the bobbin are only expressed in the term 
2a of formula (2), a mistake of one per cent. would only 
falsify the value of r by at most 0"0003. 
The resistance r, which has to be determined in absolute 
measurement, amounted either to l or ~, or 2 Siemens units, 
and was composed of 2 Siemens units (by Siemen and 
IIalske), nos. 3618 and 3619, which were used either singly 
or parallel, or behind one another. These were made fast in 
metal cases, which were filled with oil, and stood in a large 
bath of the same. Both before and after the experiments, 
both standards were compared with a third unit, and with 
each other. 
The thermometers wore divided into one-tenths of a degree, 
and were three times compared carefully with the standard 
thermometers of the Physical Institute. 
The interruptor was driven by a toothed wheel t. For 
determining n, the number of interruptions, a counter was 
made fast to the axis of rotation, by means of which 1 of a 
revolution could be directly read off. 
At least 700 revolutions were counted during each experi- 
ment, so that the necessary approximation of 0"01 per cent. 
was easily attained. The apparatus worked very evenly, so 
that the divergences of the galvanometer were constant 
throughout. 
This appears to me an advantage that this interruptor 
possesses over that used by Herr Roiti :~; and I believe that 
the discrepancies between his separate obser~,~ations aredue, 
if not entirely, at least in a great measure, to the unequal 
action of the " Schmidt" water-motor used by him. 
* Wiedemann, Elec. iii. p. 213. 
t F. Himstedt, "Zwei Versehiedene Formen eines selbstthiitigen Dis- 
iunetors," Wied. Ann. vol. xxii. p. 276 (1884). 
:~ Cap. I. page 11. 
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Determination of the Ohm. 421 
The galvanometer was not artificially damped. The posi- 
tion of rest of the needle was determined from its maximmn 
divergence. The divergences to be observed, at and a~, were 
never less than 800 millim, on a scale 4 metres distant, and 
were always within a few scale-divisions of each other; so that 
for the reduction to arcs an approximate knowledge of the 
distance of the scale was enough. All connecting-wires were 
covered with caoutchouc and twisted lightly together; all the 
current-reversers, &c. were made of paraffin and sealing-wax. 
Altogether, sixty-seven experiments were made; only the 
solenoid is common to them all. 
Here the only variation possible was that the induction- 
bobbin could be placed 10 centim, further towards either end, 
instead of in the middle. All other components of the 
apparatus were altered in each experiment to a considerable 
extent. The sections of the induction-coil were taken either 
separately or in combinations of 2-5, corresponding to which 
the number of the intermittenees was 5-13 per second. The 
strength of the inducing current was from 0"0005 to 0'01 
ampgre. The sensitiveness of the galvanometer was con- 
siderably alterable. The time taken by the oscillations of 
the needle was from 15 to 34 seconds. 
To ascertain if the induction-current passing through the 
galvanometer p oduced any other cross-magnetization of the 
needl% besides constant currents of otherwise qual galvano- 
tan tt 2 
metric action, by which the relation tan el would be rendered 
unreliable, several experiments were made with magnets of 
a diameter of 0'6 centim., those used in the above-mentioned 
experiments being hardly 0"1 in diameter. No difference 
was observed after a certain number (43) of experiments had 
been made ; the interrupter was fitted up afresh, and all con- 
necting-wires as well as current-re{,ersers renewed. 
As the following results tally with ~he former, it may be 
assumed that the isolation was perfect. 
The whole plan of experimenting is based on the constancy 
of the source of electricity, be this periodic, as in the observa ~-
tions by means of induction-currents, or continuous, as in the 
measurement by means of the constant current. Means had 
therefore to be taken to meet the final objection that errors 
might arise through possible polarization in the batter)'. 
With this object, I used as sources of the current :-- 
1. 1 to 4 Daniell's elements. 
2. Two points of a wire-resistance onnecting a number of 
Daniell's or Bunsen's elements. 
3. A thermo-element. 
Phil. ~l£ag. S. 5. Vol. 20, No. 126. 2gov. 1885. 2 H 
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422 Mr. J. Larmor on tl, e Molecular 
All sources produced the same result. 
The mean of all experiments performed was 
1 Siemens unit=0"94356 ohm ;
or, one ohm is equivalent to the resistance of a mercury- 
column having a section of I square millim, and a length of 
105"98 centim, at 0 ° Centigrade. 
Of the values determined, 
the Iowest was 1 Siemens unit =0"94323 ohm, 
the highest was 1 Siemens unit =0"94380 ohm. 
XLIX. On tile Molecular Tfieor S of Galvanic Polarization. 
By J. LA~o~, Fellow of St. John's College, Cambridge*. 
1. I T was first pointed out by Varley and Sir W. Thomson 
that the polarizing action of a galvanic ell may be 
explained by considering the cell to act as an electrical con- 
denser of very large capacity. The mechanism of this action 
has since been examined in detail, especially by ftelmholtz t-
In the polarization of a water-voltameter with platinum 
plates for electrodes, the action according to Clausius's well- 
known molecular theory consists in the transfer through the 
fluid of the temporarily dissociated hydrogen and oxygen 
constituents under the action of the electric force ; so that in 
the..course of time a layer, of. hydro, gen particles with their 
pomtlve charges accumulates m the immediate neighbourhood 
of the kathode plate, and the complementary layer of oxygen 
particles with their negative charges at the anode. 
Each of these layers will form a sheet, with positive or 
negative charge, lying close to the metal plate. On the plato 
will therefore appear an equal and opposite charge by induc- 
tion. There is thus a double electric layer formed at each 
electrode ; the charged particles forming one side of it being 
prevented from coming up to and discharging themselv4s in
contact with the metal, in obedience to the electrical attrac- 
tion~ by chemical forces of repulsion. 
A double layer of this kind forms an actual condenser, 
whose capacity is inversely proportional to the distance 
between its faces. And Gauss's well-known theorem relating 
to magnetic shells shows, when applied to this cas% that the 
effect of such a condenser is to cause a sudden rise or fall of 
potential in passing through it without producing any change 
in the distribution of the electric force in the neighbourhood. 
* Communicated by the Author. 
t See his Wissenschaftliche Abhandlungen, vol. i., section Galvanismus, 
and "his Faraday Lecture, in the Journal of the Chemical Society for 
1882. 
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